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Description

Field Of The Invention

This invention relates to a method of manufacturing
integrated circuits, more particularly, though not exclu-
sively, to a method of manufacturing bipolar devices.

Background Of The Invention

Bipolar devices are usually manufactured in a sub-
strate over a buried layer, which can be either a highly
doped (+) or a low doped (-) type of either type of con-
ductivity (P or N). There are therefore four possible dif-
ferent types of buried layer (P+, P-, N+, N-). In order to
maximise the density of devices on the chip, the spacing
between the buried layers, which must be isolated from
each other to prevent parasitic currents, should be min-
imised. In known processes, if two adjoining buried lay-
ers are of the same type, then they can be formed at the
same type using the same mask, so that the spacing
between them is only dependent on variations in the
critical dimensions of the mask.

When buried layers of different types are required
to be adjoining, however, they are manufactured in sep-
arate steps using separate masks so that the spacing
depends not only on variations in the critical dimensions
of two separate masks, but also on variations in the
alignment of the masks to a reference point. Thus, if
adjoining buried layers are of different types, then the
spacing between them has had to be increased to allow
for all the variations.

It is therefore an object of the present invention to
provide a method of manufacturing buried layers in a
substrate which overcomes, or at least reduces, the
problems of the prior art.

Brief Summary Of The Invention

Accordingly, the invention provides a method of
manufacturing an integrated circuit having at least one
buried layer of a low doped type of either conductivity
and at least one buried layer of a highly doped type of
either conductivity, the method comprising the steps of:

providing a substrate;

masking the substrate so as to define at least two
open areas on the substrate where it is desired to
provide the at least two buried layers;

doping the open areas of the substrate with a low
concentration of dopants whereby at least the low
doped type of buried layer is formed;

masking one open area where the low doped type
of buried layer is formed;

doping the other open area with a high concentra-
tion of dopants whereby the high doped type of bur-
ied layer is formed; and

removing both masks from the substrate.
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The method can be used either in a pure bipolar
manufacturing process or in a BICMOS manufacturing
process where both bipolar and CMOS devices are
manufactured on the same chip.

Brief Description Of The Drawings

One embodiment of the invention will now be more
fully described, by way of example, with reference to the
drawings of which:

FIGS. 1 to 23 show the steps involved in the manu-
facturing process for forming a PMOS, NMOS and
an NPN device on the same substrate;

FIG. 24 shows a possible variation in the structure
of the NPN device; and

FIG. 25 shows an NPN device on the same sub-
strate with a vertical PNP device.

Detailed Description of the Drawings

Thus, as shown in FIG. 1, a starting semiconductor
wafer 1 is of P-type monocrystalline silicon substrate
with a {100 )crystallographic orientation, having 6 to 8.5
Ohm.cm bulk resistivity. The substrate 1 is thermally
oxidized until an oxide layer 20 of approximately 1500A
thickness is produced thereon.

Two N-type buried layers regions are then defined
by means of a first masking or patterning step with pho-
toresist, indicated by reference 21 in FIG. 2, and by a
subsequent wet etch of the exposed oxide layer 20 until
the underlying silicon substrate 1 is exposed, as shown.
An Arsenic (As) ion implantation is then performed, as
shown schematically in FIG. 2. The dose is about
2.5E13 at/cm?, and the energy is approximately 50 KeV.
After removing completely the residual photoresist 21,
an annealing treatment is performed, slightly re-oxidiz-
ing the exposed surface of the silicon substrate 1 to
about 200A. The annealing cycle is as follows: firstly,
the wafers are driven for approximately 90 seconds in
an oxygen (O,) atmosphere; next, hydrogen chloride
(HCI) is introduced to about 3% of the total atmosphere
and a dry oxidation is done for approximately 19 min-
utes; finally, the wafers are driven for approximately 300
minutes in a nitrogen (N,) atmosphere. The Arsenic
previously implanted thus diffuses in the substrate 1 to
form N- buried layers, indicated by reference 2 in FIG. 3,
in the defined areas of the surface of the substrate 1.

Next, a second masking or patterning step with
photoresist 22, as shown in FIG. 4, is carried out, mask-
ing the previously doped area for the NMOS device and
leaving the NPN and PMOS areas unmasked. Then a
heavy Arsenic implant is carried out, as shown sche-
matically in FIG. 4. The dose is about 5E15 at/cm?, and
the energy is approximately 50 KeV. After removing
completely the residual photoresist 22, the exposed sur-
faces are thermally re-oxidized: firstly, a dry oxidation is
performed with 3% HCI for approximately 10 minutes at
about 890°C; then, a steam cycle is carried out at about
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890°C for approximately 39 minutes; and finally the
wafers are driven for approximately 95 minutes in N, at
about 1200°C thus forming N+ regions 3. As a result, an
oxide layer of about 900A thickness is formed on the N-
regions 2 and of about 4,000A on the N+ regions 3.

At this point in the process, the N- and N+ regions
are clearly defined. The regions submitted only to the
first implant step become N- layers 2, and the regions
where both implant steps were performed become N+
layers 3. Both the N- and N+ regions are self-aligned
since their locations were defined by means of only one
patterning step, the first one using the photoresist layer
21. The N- buried layers 2 indicate the future location of
the NMOS device, and the N+ buried layers 3, which
provide the collector of the NPN device, indicate the
future location of the NPN device as well as the location
of the PMOS device. It will, of course, be appreciated
that, since the alignment and spacing of the N- and the
N+ regions is defined in the first masking step, their
spacing can be less than if two separate steps were
required.

After an accurate removal of the silicon oxide, in a
4:1 hydrofluoric acid (HF) solution for approximately 5
minutes, a thermal oxide 23 of about 700A thickness is
grown to be used as a mask for the next implant, as
shown in FIG. 5. A third masking stop is then performed
by covering the thermal oxide 23 with a layer of photore-
sist 24. Appropriate patterns are opened in the photore-
sist layer 24, and Boron (B) is implanted with an energy
of about 40 KeV and a dose of approximately 1.3E14
at/cm? as shown schematically in FIG. 5. The photore-
sist 24 is then removed and the implanted Boron is first
annealed at about 1080°C in N, for about 35 minutes,
then driven in O, for about 10 minutes at about 1080°C
and finally driven in (O5 / 1% HCI) atmosphere at about
1080°C for approximately 10 minutes, thereby creating
P+ regions 4.

After an accurate removal of the silicon oxide, an
epitaxial layer 5 of N-type, arsenic doped silicon,
approximately 2um thick, having a bulk resistivity
around 0.9 Ohm.cm, is grown, as shown in FIG. 6. With
the epitaxial growth, which takes place at a relatively
high temperature, the Arsenic and Boron, previously
implanted and driven in defined areas, diffuse again to
form the N-, N+ and P+ buried lavers, indicated respec-
tively by reference numerals 2, 3 and 4 in FIG. 5. The
resulting N- layer 2 is deeper than the P+ layer 4, so
that, in the NMOS device, the P+ buried layer 4 is iso-
lated from the substrate 1 by the N- buried layer 2.

After a thermal oxidation, growing an oxide layer 25
of approximately 700A thickness, as shown in FIG. 7, a
silicon nitride layer 26, approximately 1250A thick, is
deposited by a low Pressure Chemical Vapor Deposi-
tion (LPCVD) Process. Areas for providing deep isola-
tion between the buried layers are defined during a
fourth masking step. Windows are then prepared
through the oxide layer 25 and the nitride layer 26, by a
dry etch down to the epitaxial silicon 5. The epitaxial sil-
icon 5 is then wet etched to create moats approximately
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9500A deep, as shown in FIG. 7.

By an oxidizing heat treatment of the wafer, a deep
region of oxide 6, approximately 21500A thick is formed
into the moats previously defined, while the nitride layer
26 acts as a mask to oxidation for the rest of the wafer.

At this stage of the process, the deep region of
oxide 6 extends completely through the epitaxial layer 5,
as depicted in FIG. 8. To enhance isolation between two
adjacent N-type buried layers 3, the P+ buried layer 4
can be used under the deep oxide isolation 6, as illus-
trated in FIG. 8.

The nitride layer 26 is then stripped off leaving the
remaining oxide layer 25 underneath with a thickness of
about 500A. A second nitride layer 27 is deposited by an
LPCVD process to a thickness of approximately 1250A,
as shown in FIG. 9.

Areas for providing surface isolation of the MOS
devices, on either side of the deep oxide isolation 6, are
defined by a fifth masking step. Windows are defined
through the second nitride layer 27 by a dry etch down
to the deep oxide regions 6 underneath, as depicted on
FIG. 9. Next a further high pressure heat treatment is
performed and a layer of oxide 7 approximately 10,000A
thick is grown in the previously defined windows, the
remaining nitride layer 27 acting as a mask for the rest
of the wafer, as shown in FIG. 10. The whole pad struc-
ture consisting of the oxide layer 25 and the nitride layer
27 is then removed.

After growing a thermal oxide of approximately
200A at the silicon surface, used as a screen oxide to
the subsequent implantation and indicated by reference
numeral 28 in FIG. 11, a sixth masking step is per-
formed by applying a layer of photoresist 29 in which
windows, defining P-well regions, i.e. for the body of the
NMOS transistor, are defined. Boron ions are then
implanted through the windows with a dose of approxi-
mately 6E12 at/cm? and an energy of about 170 KeV to
form the P-well regions 8.

The resulting oxide and the photoresist 29 is then
removed.

Next, a thermal oxidation is carried out, growing an
oxide layer of about 1000A and depositing thereon an
LPCVD nitride layer, also of about 1000A thickness, as
shown in FIG. 12, where the combined oxide/nitride
stack is indicated by reference numeral 9. By means of
a seventh masking and implantation step, an NPN base
is implanted through windows defined in a photoresist
layer 30, shown in FIG. 13, and through the stack 9, to
form a P-base region 10. The implant dose is approxi-
mately 1.15E14 at/cm? and the implant energy is about
140 KeV. An annealing step at about 900°C, in an Ny
atmosphere then follows. The oxide / nitride stack 9 is
then removed from the future PMOS and NMOS device
areas, in a dry/wet etch, by means of an eighth pattern-
ing step, and a gate oxide layer 11 (of about 400A) is
thermally grown, as shown in FIG. 14.

A polysilicon layer 36 with a thickness of about
3500A is then deposited by a LPCVD process, as
shown in FIG. 15, and is doped with phosphorus. The
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gates 12 of the MOS devices are formed from the poly-
silicon layer 36 and defined by a ninth patterning step,
as shown in FIG. 16, by removal of excess of the poly-
silicon layer 36.

In a tenth patterning step, suitable windows are
defined through a photoresist mask for a dry etch of the
oxide / nitride stack 9 to form the different openings for
emitter, base and collector contacts of the NPN device,
such as that shown by reference numeral 34 in FIG. 17.
In an eleventh masking and implant step a photoresist
layer 31 is applied, as shown in FIG. 18, and windows
are opened to define areas to be implanted with
Arsenic. The purpose of this heavy implant is to form
electrical contact zones, indicated by reference numeral
13 in FIG.18, for the collector and emitter regions of the
NPN transistor and the source and drain regions of the
NMOS transistor, shielded by and self-aligned with the
relative edge of the polysilicon gates 12 and the surface
oxide isolation 11. The Arsenic dose is about 1.4E15
at/cm? and the energy is approximately 30 KeV.

After Arsenic implant annealing, at about 1020°C in
an N, ambient, for about 17 minutes, a twelfth masking
step is performed by applying a photoresist layer 32,
shown in FIG. 19, and defining windows in the photore-
sist layer 32 where a boron implant is done. The pur-
pose of this heavy Boron implant is to form the electrical
contact zones, indicated by reference numeral 14 in
FIG. 19, for the base region of the NPN transistor and
the source and drain regions of the PMOS transistor,
shielded by and self-aligned with the relative edge of the
polysilicon gates 12 and the surface oxide isolation 11.
This implant is then annealed in an N, ambient, at about
900°C for approximately 30 minutes and the photoresist
layer 32 is removed.

The process continues with a plasma-enhanced
vapor deposition (PECVD) step of a first thin undoped
layer of oxide, so-called tetraethyl orthosilicate (TEOS),
followed immediately with a second layer of phospho-
rus- and boron-doped TEOS (BPTEQOS). A reflow treat-
ment is then performed. The combined stack of TEOS
and BPTEOS, is indicated by reference numeral 15 in
FIG. 20. During a thirteenth patterning step contact
openings 35 are formed in the combined
TEOS/BPTEQS stack by a dry removal of the combined
stack 15, as is shown in FIG. 21.

Platinum silicide alloy (PtSi) is then formed in all the
contact openings. A titanium/tungsten (TiW) layer is
then deposited, followed by a copper/silicon/aluminum
alloy (AICuSi) deposition. Both layers are patterned by a
fourteenth masking step and an attack of the two layers
is performed, providing the metallic interconnections of
the different contacts. The total composite layer, formed
with PtSi/TiW/AICuSi, is indicated by reference numeral
16 in FIG. 22.

An insulating passivation layer of silicon nitride 17 is
deposited by a plasma-enhanced vapor deposition
(PECVD) process, as shown in FIG. 23, and the pad
areas are defined by means of a sixteenth masking
step. Attack of the passivation layer 17 and polishing of
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the rear of the wafer 1 complete the sequence of the
fabrication steps.

Thus, both bipolar and MOS devices have been
manufactured, according to the invention, on a single
integrated circuit using the same manufacturing proc-
ess.

It will be appreciated that although only one partic-
ular embodiment of the invention has been described in
detail, various modifications and improvements can be
made by a person skilled in the art without departing
from the scope of the present invention. For example,
during the sequence of operations of the fabrication
process, passive circuit elements such as resistors,
capacitors, diodes, etc., required by the particular inte-
grated circuit being made, may be easily formed. The
fabrication process may also be modified by adding fur-
ther masking steps for improving existing devices. For
example, to decrease the collector access of the NPN
transistor, a deep electric N+ contact 18, as shown in
FIG. 24, can be formed to reach through the N+ buried
layer, i.e. the collector of the NPN transistor. Another
possibility is an optional mask and implant step to adjust
the threshold voltages of the MOS devices to a specific
desired value.

For some specific applications, other active devices
such as isolated collector vertical PNP transistors, may
be easily formed. An additional masking step, as well as
an N-type implant step, just prior to the heavy arsenic
implant, are required to form the N-base region. The P+
emitter can be easily formed by using the source/drain
implant for PMOS transistors. Finally, the P+ buried
layer acts as the collector, isolated from the substrate by
the very first N-type buried layer. The p-well implant may
even be used to form a deep electric P-type contact to
reach through the P+ buried layer, which decreases the
collector access of the vertically isolated PNP transistor.
An example of such a vertical PNP transistor is depicted
in FIG. 25, where the N-base is indicated by reference
numeral 19, the remaining structure having the same
reference numerals as the corresponding implant steps
in the process described above.

Claims

1. A method of manufacturing an integrated circuit
having at least one buried layer of a low doped type
of either type of conductivity and at least one buried
layer of a highly doped type of the same type of
conductivity as the first buried layer, the method
comprising the steps of:

providing a substrate;

masking the substrate so as to define at least
two open areas on the substrate where it is
desired to provide the at least two buried lay-
ers;

doping the open areas of the substrate with a
low concentration of dopants whereby at least
the low doped type of buried layer is formed;
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masking one open area where the low doped
type of buried layer is formed;

doping the other open area with a high concen-
tration of dopants whereby the high doped type
of buried layer is formed; and

removing both masks from the substrate.

2. A method of manufacturing an integrated circuit

according to claim 1, wherein the process is purely
a bipolar manufacturing process.

A method of manufacturing an integrated circuit
according to claim 1, wherein the process is a BiC-
MOS manufacturing process where both bipolar
and CMOS devices are manufactured on the same
chip.

A method of manufacturing an integrated circuit
having both bipolar and CMOS devices on the
same chip according to claim 3, wherein the sub-
strate is a P- silicon substrate, the low doped type of
buried layer is an N-buried layer region and the high
doped type of buried layer is an N+ buried layer
region;

the method further comprising the steps of:

providing a P+ region in the N- buried layer
region and in the P-substrate for at least one
NMOS device;

providing an N- epitaxial layer over the P+, N+
and N- regions;

providing a P well region in the N- epitaxial
layer of the NMOS device extending to the P+
region;

providing a P base region in a first part of the
N- epitaxial layer for at least one NPN device;
simultaneously providing:

an N+ region on part of the P base region
of the NPN device to form the emitter
thereof,

an N+ region on a second part of the N-
epitaxial layer of the NPN device to form
the collector contact thereof, and

N+ regions on first and second parts of the
P well region of the NMOS device to form
the source and drain thereof; and

simultaneously providing:

P+ regions on first and second parts of the
N- epitaxial layer for at least one PMOS
device to form the source and drain
thereof, and

a P+ region on part of the P base region of
the NPN device to form the base contact
thereof.

5. A method of manufacturing an integrated circuit
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according to claim 4, further comprising the step of:

providing a deep N+ region in the second part
of the N- epitaxial layer of the NPN device
before the N+ region forming the collector con-
tact thereof is formed.

6. A method of manufacturing an integrated circuit

according to either claim 4 or claim 5, wherein an N-
buried layer region is provided in the P-substrate for
the NMOS device before the P+ region is provided
therein.

A method of manufacturing an integrated circuit
according to any one of claims 4, 5 or 6, wherein
the base region of the NPN device is provided on a
P++ region provided in the second part of the N-
epitaxial layer of the NPN device.

A method of manufacturing an integrated circuit
according to any one of claims 4 to 7, further includ-
ing the steps of:

providing an N- buried layer region for at least
one vertical PNP device in the P- silicon sub-
strate;

providing an N- epitaxial layer over the N- bur-
ied layer region;

providing a P-well region in a first part of the N-
epitaxial layer of the vertical PNP device;
providing an N-base region in a second part of
the N- epitaxial layer of the vertical PNP device;
providing an N+ region on the N-base region of
the vertical PNP device to form the base con-
tact thereof; and

providing P+ regions on the P-well and N-base
regions of the vertical PNP device to form the
collector and emitter contacts thereof.
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